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ABSTRACT

* Experimental results supporting the importance of phase

* Attempts at explaining the importance of phase

* Algorithms for reconstructing a signal from its phase

* Ppotential applications

This work was supported by the Advauced Research Projects Agency
monitored by ONR under Contract N00014-75-C-0951, NR 049-328.
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EXPERIMENTAL RESULTS

»

Fourier synthesis of images

original

phase:

zexro

magnitude: exact

phase: exact
magnitude: unity

phase:
magnitude:

exact
average




original (A) original (B)

phase: A phase: B
magnitude: B magnitude: A
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Fourier synthesis of speech
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original

(spectrogram of a sentence "Line up at the screen door")

FREQUENCY (M2}

phase: exact
magnitude: unity
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* Fourier synthesis of crystallographic structure
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phase: exact

original
magnitude: tavered constant

o

N o ‘
RO N
| ’

phase: exact phase: exact

magnitude: random permutation magnitude: a different

of exact magnitude structure




ATTEMPTS AT EXPLAINING IMPORTANCE OF PHASE

* For equal RMS error, phase requires two more bits than

magnitude (Tescher)

* Distortion rate theory--For equivalent distortion, phase

requires 1.37 bits more than magnitude (Pearlman and Gray)

* 78% of kinoform (phase-only hologram) represents original

image. 22% higher order terms (Kermisch)

( * Relation of correlation of two structures to the correlation
A of their magnitude-only and phase-only reconstructions:

closer for phase-only than magnitude-only (Srinivasan and

ey

Chandvasekaran)
v :‘.. »
ﬁ * Event preservation due to zero-phase filtering or edge
v ' enhancement due to high-pass filtering (Oppenheim, et.al.)

* x(n) uniquely specified by N-1 phase samples if
(a) x(n) finite duration of length < N and

(b) X(z) has no conjugate reciprocal zeros.

extendable to 2~D sequences (Hayes, Lim, Oppenheim)




ALGORITHMS FOR SIGNAL RECONSTRUCTION FROM PHASE

* Combining exact phase with unity magnitude

original phase: exact

magnitude: unity

* Combining exact phase with average magnitude i

v i e

original phase: exact

magnitude: average
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* Combining exact phase with magnitude estimated from i

degraded magnitude (assumes degraded magnitude is available)

original

e SR YL

degraded by blurring phase: exact

G ron v L

with zero-phase blurring function magnitude: estimated

of short duration




Exact reconstruction from phase (assumes the sequence

satisfies conditions for unique specification)

: . A. closed form solution
definition of phase + a set of N-1 linear equations

i[ for a sequence of length N

original reconstructed




Iterative solution

In each iteration, impose known time and frequency

domain constraints (sequence is finite in duration

and is constrained by known phase samples)

original result after 10 iterations

result after 50 iterations result after 400 iterations
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POTENTIAL APPLICATIONS

* Blind deconvolution

original

zero phase blurring restored

P N A




Fourier transform signal coding

Code only phase and reconstruct the signal from only

its phase.

Improvement of computer generated holograms

Signal registration

Signal restoration

Importance of phase emphasizes importance of accurate

estimation of phase in signal restoration




(1]

(2]

(3]

[4]

[51]

(6]

(7]

- 13 -
References

A. V. Oppenheim, and J. S. Lim, "Importance of Phase

in Signals", accepted for publication in Proceedings

of IEEE, May, 1980.

A. G. Tescher, "The Role of Phase in Adaptive Image

Coding", USCIPI report No. 510, Image Processing

Institute, University of Southern California, December, 1973.

W. A. Pearlman, and R. M. Gray, "Source Coding of the

Discrete Fourier Transform", IEEE Transactions on

Information Theory, Vol. IT-24, pp. 683-692, November, 1978,

D. Kermisch, "Image Reconstruction from Phase Information

Only", Journal of Optical Society of America, Vol. 60,

pp. 15~17, January, 1970.

R. Srinivasan, and R. Chandrasekaran, "Correlation
Functions Connected with Structure Factors and their
Application to Observed and Calculated Structure Factors",

Indian Journal of Pure Applications of Physics, Vol. 4,

pp.1178-186, May, 1966.

A. V. Oppenheim, J. S. Lim, G. E. Kopec, S. C. Pohlig,

"pPhase in Speech and Pictures", Proceedings of IEEE

International Conference on Acoustics Speech, and Signal

Processing, pp. 632-637, April, 1979.

M. H. Hayes, J. S. Lim, and A. V. Oppenheim, "Signal

Reconstruction from Phase or Magnitude", IEEE Transactions

on Acoustic Speech, and Signal Processing, accepted for

publication, April, 1980.

Kon 0 Ty o 31 ARENT sty e [T




rreresre

- b i o 1 1 T
- , v
. N .
.

e . ' : Distribution List

Contract N00014-75-C-0951

No. copies

Defense Documentation Center 12
Cameron Station . '
Alexandria, Virginia 22314

Office of Naval Research 2
Information Systems Program

Code 437

Arlington, Virginia 22217

Office of Naval Research 1
Branch Office/Boston :
Bldg. 114, Sec. D

666 Summer Street

s Boston, Massachusetts 02210

Office of Naval Research 1
Branch Office/Chicago
536 South Clark Street
Chicago, Illinois 60605

Office of Naval Research 1
Branch Office/Pasadena

1030 East Green Street

Pasadena, California 91106

Naval Research Laboratory 6
Technical Information Division, Code 2627
Washington, D.C, 20375

Commandant of the Marine Corps (Code AX) 1
Dr. A. L. Slafkosky

Scientific Advisor

Washington, D.C. 20380

Office of Naval Research ' o 1
Code 455 .
Arlington, Virginia 22217

Office of Naval Research . ‘ 1
Code 458
Arlington, Virginia 22217

Naval Electronics Laboratory Center 1
Advanced Software Technology Division

Code 5200 .

San Diego, California 92152

PRIt e s g st -




Mr. G. H. Gleissner - : 1
Naval Ship Research and Development Center '
Computation and Mathematics Department

Bethesda, Maryland 20034

Captain Grace M. Hopper _ 1
Office of Chief of Naval Operations

NAICOM/MIS Planning Branch

NOP-916D Pentagon

Washington, D.C. 20350

Advanced Research Projects Agency 1
Information Processing Techniques

1400 Wilson Boulevard

Arlingtor, Virginia 22209

Commarder i |
U.S. Army Electronics Command ‘
Attn:- Mr. J. L. DeClerk
AMSEL-NLY
Fort Monmouth, New Jersey 07703

Dr. Robert Kahn 1 i
Program Manager .’
Information Processing Techniques :
1400 Wilson Boulevard :
Arlington, Virginia 22209 i

Director, National Security Agency 1
Attn: R54, Mr. Page ‘J
Fort G. G. Meade ' . 3
Maryland 20755 ' : :

ONR New York Area Office , T 1
715 Broadway, 5th Floor . . :
New York, Ne.w York 10003 .




